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Management
Current Factors Affecting Feeder Cattle Pricing 
in Kansas and Missouri Cattle Markets
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Number of head per lot
100 150
Figure 2. Effect of lot size on feeder cattle price.
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NONE 734 3.11 6.51 19.96 737
MOD 735 3.51 6.04 20.97 779
DEL/HIGH 734 3.61 5.80 20.59 787
MOD/MOD 735 3.62 5.92 21.27 790
HIGH 733 3.67 5.84 21.24 786
INT/INT 736 3.68 5.81 21.23 794
LOW/HIGH 734 3.68 5.80 21.19 793
MOD/HIGH 735 3.71 5.75 21.21 798
INT/HIGH 734 3.72 5.77 21.22 800
HIGH/HIGH 735 3.79 5.66 21.34 806
P-value 0.46 <0.01 <0.01 <0.01 <0.01
SEM1 1.36 0.047 0.064 0.154 5.8
1	SEM	represents	the	largest	standard	error	of	the	mean	of	all	treatments	for	each	dependent	variable.	











NONE 707 2.94 6.36 18.88 695
MOD 703 2.96 6.36 18.85 703
MOD/MOD 702 3.01 6.27 18.85 708
LOW/HIGH 706 3.30 5.85 19.31 717
DEL/HIGH 707 3.30 5.74 19.09 731
MOD/HIGH 707 3.33 5.79 19.36 733
INT/INT 708 3.34 5.78 19.35 734
HIGH 707 3.34 5.89 19.65 730
INT/HIGH 706 3.37 5.73 19.44 739
HIGH/HIGH 709 3.40 5.69 19.36 738
P-value 0.18 <0.01 <0.01 <0.01 <0.01
SEM1 4.6 0.076 0.102 0.269 9.4
1	SEM	represents	the	largest	standard	error	of	the	mean	of	all	treatments	for	each	dependent	variable.	
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NONE 2.83 550 548
MOD 2.88 538 535
DEL/HIGH 2.85 529 526
MOD/MOD 2.85 524 520
HIGH 2.83 520 521
INT/INT 2.71 521 525
LOW/HIGH 2.83 522 518
MOD/HIGH 2.87 512 507
INT/HIGH 2.80 513 513
HIGH/HIGH 2.82 498 499
P-value 0.11 <0.01 <0.01
SEM1 0.061 7.4 6.4
1	SEM	represents	the	largest	standard	error	of	the	mean	of	all	treatments	for	each	dependent	variable.	




NONE 2.66 543 546
MOD 2.59 523 522
MOD/MOD 2.68 538 545
LOW/HIGH 2.68 --- ---
DEL/HIGH 2.44 535 550
MOD/HIGH 2.39 524 540
INT/INT 2.46 533 547
HIGH 2.55 532 542
INT/HIGH 2.49 528 540
HIGH/HIGH 2.35 512 532
P-value 0.11 <0.01 0.50
SEM1 0.135 9.4 9.3
1	SEM	represents	the	largest	standard	error	of	the	mean	of	all	treatments	for	each	dependent	variable.	
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Figure 1. Relationship between yield grade (calculated from carcass measurements) and 





























Figure 2. Relationship between average marbling score (Small0 = 500) in a pen of cattle 
and the percentage of the pen that graded Choice or higher.
(Percentage	Choice	=	0.00399	×	(sinMarbling	Score)	–	1.5119;	R2	=	0.78).
This publication from the Kansas State University Agricultural Experiment Station and Cooperative Extension Service 
has been archived. Current information is available from http://www.ksre.ksu.edu.
11
Management
Precutting Round Alfalfa and Cornstalk Bales 
Decreases Time and Fuel Required for Bale 
Breakup in a Vertical Mixer1
S.Q. Jones, J.M. DeRouchey, J.W. Waggoner, T.T. Marston,  
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6	×	4	ftItem Precut Conventional   Precut Conventional SEM
Weight2,	lb 1073a 1080a 1700b 1700b 	18.1 0.64 0.001
Mix	time,	seconds 72a 142b 110ab 237c 19.5 	0.001 0.003
Fuel	usage
Tractor,	gal/hour 1.98a 2.11b   2.44c 2.14c 0.039 0.16 0.001




Table 2. Effects of cornstalk field cutting type and bale type on mixing time and fuel usage1
Bale	type Probability,	P<	







vs.	SwathedItem Precut Conv2 Precut Conv Precut Conv SEM
Weight3,	lb 980b 946ab 973a 923a 955a 963a 25.9 0.09 0.41 0.81 0.56
Mix	time,	seconds 39.8a 85.5c 39.9a 64.6b 39.6a 83.5c 5.33 0.001 0.01 0.77 0.02
Fuel	usage
Tractor,	gal/hour 2.9ab 2.7b 2.9ab 2.8b 3.1a 3.0ab 0.16 0.20 0.86 0.04 0.06
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Management
Length of Weaning Period But Not Timing 
of Vaccination Affects Feedlot Receiving 
Performance and Health of Fall-Weaned,  
Ranch-Direct Beef Calves
M.J. Macek, J.W. Iliff, KC Olson, J.R. Jaeger, T.B. Schmidt,  


































This publication from the Kansas State University Agricultural Experiment Station and Cooperative Extension Service 













































This publication from the Kansas State University Agricultural Experiment Station and Cooperative Extension Service 













































This publication from the Kansas State University Agricultural Experiment Station and Cooperative Extension Service 
has been archived. Current information is available from http://www.ksre.ksu.edu.
18
Management


























Table 3. Treatment schedule used to treat calves diagnosed with bovine respiratory 
disease complex
Treatment Drug Dose Route	of	injection
1st	Pull Baytril	(enrofloxacin) 5	mL/cwt Subcutaneous
2nd	Pull Nuflor	(florfenicol) 6	mL/cwt Subcutaneous
3rd	Pull Biomycin	(oxytetracycline) 5	mL/cwt Subcutaneous
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Figure 1. Effect of length of the weaning period at the ranch of origin on average daily gain 
of calves before feedlot arrival.
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Figure 2. Effect of length of weaning period at the ranch of origin on average daily gain of 



















Figure 3. Effect of timing of vaccination on average daily gain of calves during a 60-day 
feedlot receiving period.
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Figure 4. Effect of length of the ranch-of-origin weaning on dry matter intake by calves 





















Figure 5. Effect of timing of vaccination on dry matter intake by calves during a 60-day 
feedlot receiving period.
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Management
Comparison of Medicinal Feed Additives on 
Health and Growth Performance of Beef Calves 
Grazing Native Grass Pasture 
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Bovatec Rumensin SEM P-value
On-test	stocker	weight,	lb 583 582 4.1 0.84
Off-test	stocker	weight,	lb 739 743 5.3 0.61
90-d	daily	gain 1.732 1.796 0.06 0.4495





Bovatec Rumensin SEM P-value
No.	of	stockers 155 148
Percentage	of	cattle	treated	for	illness
Foot	rot 4.68 16.88 4.65 0.0930
Pink	eye 0.63 0.0 0.45 0.3409
Respiratory	diseases 0.67 0.62 0.64 0.9572
This publication from the Kansas State University Agricultural Experiment Station and Cooperative Extension Service 



























3 642 11 139 12108
Week × treatment P<0.01
Figure 1. Weekly consumption of medicated mineral mixtures.  
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Management
Feed-Based Metaphylaxis Programs Did Not 
Affect Health or Performance of High-Risk 
Calves Mass Medicated with Draxxin on Arrival 
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Management
Table 1. Treatment incidence for bovine respiratory disease (BRD), percentage of death loss, and growth perfor-









No.	of	pens 8 8 8
No.	of	steers 32 32 31
No.	of	castrated	bulls 72 73 73
Initial	weight,	lb 453 449 452 4.0 0.79
Weight	at	revaccination,	lb 507 507 505 5.0 0.97
Final	weight,	lb 616 613 622 6.0 0.58
Treatments	for	BRD,	%	of	calves
Treated	only	once 15.2 22.6 18.8 3.3 0.30
Treated	two	times	or	more 24.6 21.2 16.6 4.7 0.49
Total	BRD	treatment,	one	or	more	times 39.8 43.8 35.4 4.8 0.48
Death	loss,	% 0 0.84 2.18 1.2 0.39
Daily	dry	matter	intake,	lb 14.54 14.31 14.68 0.31 0.68
Average	daily	gain,	lb 3.02 3.04 3.15 0.10 0.66
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Management
Capacity of the Bovine Intestinal Mucus and 
Its Components to Support Escherichia coli 
O157:H7 Growth1
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Figure 1. Growth of nalidixic acid-resistant Escherichia coli O157:H7 on small intestinal 
mucus, large intestinal mucus, or components of mucus after 8 hours of incubation.
Cultures	were	inoculated	with	103	CFU/mL	of	nalidixic	acid-resistant	E. coli O157:H7	prior	
to	incubation.
This publication from the Kansas State University Agricultural Experiment Station and Cooperative Extension Service 




















































Figure 2. Growth of nalidixic acid-resistant Escherichia coli O157:H7 with small or large 





























Effect of time, P<0.01; effect of substrate, P<0.01;
effect of inoculation with feces, P<0.01;
interaction between substrate and presence of fecal inoculum, P<0.01
0 8 126
Small intestinal mucus
Small intestinal mucus with fecal inoculum
Sialic acid
Sialic acid with fecal inoculum
Incubation time, hours
Figure 3. Growth of nalidixic acid-resistant Escherichia coli O157:H7 in response to small 
intestinal mucus or sialic acid as substrate in the presence and absence of a fecal inoculum.  
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Management
Increased Concentrations of Bovine Intestinal 
Mucus Encourage Growth of Escherichia coli 
O157:H7
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Large intestinal mucus with fecal inoculum
Small intestinal mucus
Small intestinal mucus with fecal inoculum
Incubation time, hours
Figure 1. Growth of Escherichia coli O157:H7 in mucus isolated from bovine small intes-



































Figure 2. Growth of total fecal anaerobic bacteria or Escherichia coli O157:H7 in response 
to increasing concentrations of bovine intestinal mucus after 8 hours. 
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Reproduction
Long-Term CIDR Program for Synchronization 
of Estrus in Beef Heifers Produces Acceptable AI 
Pregnancy Rates




added	the	intravaginal progesterone-releasing device (CIDR)-Select	to	its	list	of	recom-
mended	fixed-time	AI	protocols.	Research	and	field	trials	in	Missouri	have	achieved	
AI	pregnancy	rates	in	the	range	of	55%	to	60%.	Another	relatively	new	protocol	is	
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Table 1. Characteristics of heifers
Year Treatment n Age,	days Cycling,	%
2008 CIDR-Select 35 438	±	3.2 97
5-day	CO-Synch	+	CIDR 34 437	±	3.2 94.3
438	±	2.2 96
2009 CIDR-Select 37 411	±	3.1 86.5
5-day	CO-Synch	+	CIDR 37 409	±	3.1 97.3
410	±	2.2 92
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Reproduction
Table 2. Conception rate to estrus AI, pregnancy rate to clean-up fixed-time AI, and 









CIDR-Select 78a	(23) 61a	(49) 67a	(72)






















Heat detect and AI
-40 -30
Day of treatment
Figure 1. Description of treatments.
GnRH,	gonadotropin-releasing	hormone	(Fertagyl);	PGF,	prostaglandin	F2α	(Prostamate);	
CIDR,	intravaginal	progesterone-releasing	device	(EAZI-BREED	CIDR).
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Nutrition
Cornstalk Round Bale Processing Method Does 
Not Influence Feeding Characteristics or Feed 
Refusals1
S.Q. Jones, J.M. DeRouchey, J.W. Waggoner, T.T. Marston, R.M. 
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Dry	matter 67.6 69.5 73.7 70.0 68.8 71.8 68.6 70.6 69.9 1.16
Crude	protein 12.6 13.1 11.8 12.2 12.5 11.1 12.6 12.7 12.2 0.45
Acid	detergent	fiber 28.2 27.0 28.3 28.6 26.1 31.8 28.2 27.6 29.9 1.45
Neutral	detergent	fiber 51.6 50.0 53.7 54.6 49.8 56.7 53.3 53.3 54.7 1.78
	115	days	of	feeding	different	cornstalk	bale	types	on	discharge	location	in	a	total	mixed	ration	chemical	analysis.















Dry	matter 0.49 0.02 0.09 0.98 0.65 0.67 0.32
Crude	protein 0.41 0.04 0.01 0.12 0.92 0.14 0.86
Acid	detergent	fiber 0.23 0.17 0.01 0.41 0.55 0.83 0.60
Neutral	detergent	fiber 0.15 0.21 0.01 0.19 0.18 0.97 0.56
	1Probabilities	of	15	days	of	feeding	different	cornstalk	bale	types	on	discharge	location	in	a	total	mixed	ration	chemical	analysis.







Tub	groundItem Conventional Precut Tub	ground SEM
Dry	matter	refusals,	lb/day 51.9 55.0 40.0 31.77 0.81 0.33 0.25
Crude	protein,	% 5.1 5.1 4.9 0.32 0.97 0.55 0.58
Acid	detergent	fiber,	% 50.6 51.2 49.4 1.05 0.71 0.42 0.24
Neutral	detergent	fiber,	% 76.7 77.7 79.2 1.07 0.53 0.13 0.35
	1Refusal	dry	matter	and	chemical	analysis	of	15	days	of	feeding	cornstalk	bales	in	a	total	mixed	ration.
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Nutrition
Round Bale Alfalfa Processing Method Affects 
Heifer Growth but Does Not Influence Wastage 
or Eating Preference1
S.Q Jones, J.M. DeRouchey, J.W. Waggoner, T.T Marston,  
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Table 2. Effects of alfalfa bale type on heifer growth performance over 27 days (experi-
ment 1)
Alfalfa	hay	processing
Item Conventional Precut Probability,	P< SEM
Initial	body	weight,	lb 599 594 0.67 30.2
Daily	gain,	lb 2.49 3.02 0.01 0.44
Forage	dry	matter	intake1,	lb/day 11.5 12.3 0.70 4.0
1	Estimated	by	subtracting	orts	and	calculated	wastage	(determined	in	experiment	2)	from	initial	bale	weight.
This publication from the Kansas State University Agricultural Experiment Station and Cooperative Extension Service 
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Table 3. Effects of bale processing technique on hay wastage (experiment 2)
Item Conventional Precut Probability,	P< SEM
Initial	bale	dry	matter,	lb 1106 1187 0.01 19.1
Hay	dry	matter	wastage,	lb
Day	1 4.34 5.86 0.14 2.1
Day	2 2.56 5.22 0.10 3.6
Day	3 1.57 1.54 0.97 2.2
Day	4 0.99 0.52 0.16 0.7
Day	5 0.57 0.31 0.29 1.2
Total 10.03 13.47 0.30 6.3
Table 4. Chemical analysis of alfalfa orts remaining in the ring feeder (experiment 2)1
Item Conventional Precut Probability,	P< SEM
Dry	matter,	% 78.1 78.6 0.90 3.9
Crude	protein,	% 20.0 20.1 0.96 1.0
Neutral	detergent	fiber,	% 54.9 49.4 0.02 2.1
1Mean	of	six	samples,	each	representing	remaining	alfalfa.
Table 5. Nutrient composition and intake of alfalfa hay by beef heifers (experiment 3)1
Item Conventional Precut Probability,	P< SEM
Dry	matter	intake2,	lb/day 8.6 10.4 0.48 2.46
Nutrient	analysis
Dry	matter,	% 82.2 84.1 0.002 0.31
Crude	protein,	% 20.6 19.5 0.04 0.32
Neutral	detergent	fiber,	% 54.5 50.8 0.01 1.21
Mold,	spores/mg 10 64 0.04 16
1	Five	replicates	per	treatment.
2	Calculated	by	subtracting	weight	of	remaining	orts	from	initial	bale	weight.
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Nutrition
Round Bale Alfalfa Processing Method Does Not 
Influence Feeding or Mixing Characteristics in a 
Total Mixed Ration1
S.Q. Jones, J.M. DeRouchey, J.W. Waggoner, T.T. Marston,  
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Fraction	top	two	screens2,	% 19.9 21.4 26.1 15.6 17.5 23.7 3.7 2.6 5.6 3.08
Geometric	mean	length,	mm 6.9 7.1 8.4 5.3 5.6 7.3 3.1 2.9 3.2 1.03
Geometric	standard	deviation,	mm 4.5 5.1 6.1 4.0 4.3 5.7 2.9 2.8 2.9 0.42
1	45	samples	of	the	complete	diet	were	analyzed	(ASAE	Standard	S424.1).
2	Collected	particles	>12.7	mm.















Fraction	top	two	screens2,	% 0.75 0.03 0.07 0.16 0.01 0.01 0.90
Geometric	mean	length,	mm 0.83 0.96 0.79 0.50 0.28 0.68 0.91
Geometric	standard	deviation,	mm 0.91 0.66 0.74 0.72 0.41 0.24 0.26
1	45	samples	of	the	complete	diet	were	analyzed	(ASAE	Standard	S424.1).
2	Collected	particles	>12.7	mm.
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Dry	matter 72.3 70.6 70.8 68.5 70.6 72.4 72.7 73.0 73.0 2.53
Crude	protein 23.4 23.8 23.7 24.7 23.9 23.5 24.1 24.2 24.6 0.74
Acid	detergent	fiber 23.2 25.3 26.0 22.3 23.8 24.9 22.5 23.1 23.6 1.21
Neutral	detergent	fiber 39.8 42.6 42.1 39.9 41.1 42.2 39.2 39.8 40.3 1.07
1	Chemical	analyses	of	total	mixed	rations	made	from	alfalfa	hay	processed	by	different	methods	and	discharged	from	the	mixer	in	the	beginning,	middle,	and	final	third	of	each	batch.















Dry	matter 0.91 0.66 0.74 0.72 0.41 0.24 0.86
Crude	protein 0.83 0.96 0.79 0.50 0.28 0.68 0.80
Acid	detergent	fiber 0.16 0.03 0.43 0.25 0.08 0.53 0.95
Neutral	detergent	fiber 0.07 0.03 0.71 0.63 0.05 0.14 0.85
1	Probabilities	(P-values)	associated	with	feeding	total	mixed	rations	made	from	different	alfalfa	bale	types	and	discharged	from	the	mixer	at	the	beginning,	middle,	or	end	of	the	mixer	batch.
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Nutrition
Botanical Composition of Diets Grazed by Beef 
Cows in the Kansas Flint Hills During Winter
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Table 1. Identifiable botanical fragments in feces of beef cows that grazed Kansas Flint 





Big	bluestem 8.91 0.141 7.01
Little	bluestem 8.07 0.127 6.97
Sideoats	grama 15.06 0.128 3.76
Blue	grama 8.88 0.107 5.34
Switchgrass 8.14 0.129 7.24
Indiangrass 12.95 0.135 8.54
Unidentified	grasses 3.00 0.161 1.46
Forbs
Lead	plant 7.89 0.111 6.04
Heath	aster 7.00 0.095 3.25
Dotted	gayfeather 4.18 0.085 9.01
Purple	prairie	clover 13.26 0.124 4.14
Unidentified	forbs 2.66 0.144 1.81
1	SE,	standard	error	of	the	mean	for	each	individual	grass	species;	CV,	variation	between	grass	species.
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Nutrition
Wheat Gluten Films Prepared at High 
Temperature and Low pH Decrease Degradation 
by Rumen Microorganisms





































This publication from the Kansas State University Agricultural Experiment Station and Cooperative Extension Service 

















































Figure 1. Protein degradation of films after 8 hours of ruminal fermentation.
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Nutrition
Supplementing Fructose-Based Block 
Supplements to Forage-Fed Cattle Increases 
Capacity for Lactic Acid Metabolism
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Figure 1. Ruminal lactate concentrations in heifers fed prairie hay with and without a 





































Figure 2. Ruminal butyrate concentrations in heifers fed prairie hay with and without a 
fructose block supplement. 
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Figure 3. Ruminal propionate concentrations in heifers fed prairie hay with and without a 
























Figure 4. Ruminal pH in heifers fed prairie hay with and without a fructose block supple-
ment. 
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Figure 5. Change in turbidity (a measure of microbial growth) of ruminal cultures grown 
in lactic acid broth.
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Table 2. Consumption of prairie hay and SmartLic Hi-Pro 40 block supplements
Dry	matter	intake,	lb Unsupplemented SmartLic	Hi-Pro	40 SEM
Prairie	hay1	 12.8 18.0 1.22
SmartLic	Hi-Pro	40	block	 0 2.6 0.35
1	Treatments	are	different,	P<0.10.
Table 3. Numbers of ruminal protozoa from cattle fed prairie hay with and without 
SmartLic Hi-Pro 40 block supplements
Protozoa/mL	ruminal	fluid Unsupplemented SmartLic	Hi-Pro	40 SEM
Isotricha 1,067 2,280 815
Dasytricha1 4,609 9,315 345
Entodinium1 22,269 33,621 1,580
Ostracodinium 6,210 5,094 1,032
Metadinium 242 242 174
Epidinium 5,045 5,773 1,271
Total	protozoa1 38,328 57,444 2,128
1	Treatments	are	different,	P<0.05.
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Rumen incubation time, hours
No supplement
SmartLic Hi-Pro 40 block
Figure 1. Disappearance of cellulose from nylon bags incubated in the rumens of steers fed 
prairie hay with and without SmartLic Hi-Pro 40 block supplements. 
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Figure 2. Scanning electron microscope images of cellulose before and after incubation in 
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Initial Heifer Body Composition Has Little 
Impact on Response to Zilmax
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Figure 1. Changes in hot carcass weight as affected by ribeye size and live body weight of 
feedlot heifers.
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Effects of Extended Zilpaterol-HCl Withdrawal 
on Performance and Carcass Traits of Finishing 
Beef Heifers
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Table 2. Effects of Zilmax and extended withdrawal times on performance of finishing heifers
3-day	withdrawal 10-day	withdrawal 17-day	withdrawal P-values1
Item	 Control Zilmax Control Zilmax Control Zilmax SEM Zilmax Withdrawal W	×	Z
Initial	weight,	lb 1029 1035 1032 1032 1032 1031 57.94 0.68 0.99 0.73
Pre-Zilmax	weight,	lb 1187 1191 1194 1184 1190 1189 8.83 0.81 0.99 0.74
Final	weight,	lb 1215 1229 1241 1243 1268 1265 19.04 0.64 0.01 0.72
Average	daily	gain,	lb 2.81 2.95 2.91 2.97 2.98 2.97 0.17 0.54 0.75 0.81
Feed	intake,	lb 19.05 18.98 19.47 18.63 19.30 19.02 0.92 0.16 0.91 0.50
Feed:Gain 6.78 6.43 6.69 6.27 6.47 6.41 0.28 0.11 0.74 0.71
1	W	×	Z,	Interaction	between	withdrawal	and	Zilmax.
Table 3. Effects of Zilmax and extended withdrawal times on carcass characteristics of finishing heifers
3-day	withdrawal 10-day	withdrawal 17-day	withdrawal P-values1
Item	 Control Zilmax Control Zilmax Control Zilmax SEM Zilmax Withdrawal W	×	Z
Carcass	weight,	lb 775 803 798 815 798 815 7.6 0.01 0.01 0.54
Dressing	percentage 63.78 65.34 64.34 65.56 64.34 65.56 0.72 0.01 0.13 0.70
Backfat,	in. 0.43 0.44 0.46 0.40 0.46 0.40 0.06 0.16 0.03 0.34
Kidney,	pelvic,	and	heart	fat,	% 2.13 2.25 2.00 1.98 2.00 1.98 0.06 0.57 0.01 0.33
Ribeye	area,	sq.	in. 13.7 14.8 13.6 14.6 13.6 14.6 0.59 0.01 0.25 0.64
Liver	abscess,	% 3.17 2.22 4.29 5.40 4.29 5.40 0.96 0.96 0.43 0.90
1	W	×	Z,	Interaction	between	withdrawal	and	Zilmax.
Table 4. Effects of Zilmax and extended withdrawal times on USDA yield grade of finishing heifers
3-day	withdrawal 10-day	withdrawal 17-day	withdrawal P-values1
Item	 Control Zilmax Control Zilmax Control Zilmax SEM Zilmax Withdrawal W	×	Z
USDA	yield	grade 2.3 2.16 2.46 2 2.37 2.38 0.18 0.02 0.23 0.06
Yield	grade	1,	% 13.2 22.9 11.	5 27.3 18.0 8.9 0.05 0.17 0.45 0.04
Yield	grade	2,	% 45.5 42.8 40.2 46.3 31.6 47.9 0.08 0.18 0.73 0.27
Yield	grade	3,	% 38.9 29.7 38.8 25.1 47.2 39.0 0.08 0.05 0.19 0.90
Yield	grade	4	and	5,	% 2.4 4.6 9.5 1.3 3.1 4.2 0.04 0.41 0.69 0.07
1	W	×	Z,	Interaction	between	withdrawal	and	Zilmax.
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Table 5. Effects of Zilmax and extended withdrawal times on USDA quality grade of finishing heifers
3-day	withdrawal 10-day	withdrawal 17-day	withdrawal P-values1
Item	 Control Zilmax Control Zilmax Control Zilmax SEM Zilmax Withdrawal W	×	Z
Marbling	score 457 404 466 445 459 442 11 0.001 0.04 0.14
Standard,	% 0 1.6 0 0 0 2.8 0.01 0.08 0.38 0.38
Select,	% 31.1 54.1 23.2 28.3 27.8 29.7 0.05 0.03 0.01 0.11
Choice,	% 64.0 44.3 75.2 71.8 69.1 67.4 0.05 0.07 0.01 0.20
Upper	2/3	choice,	% 38.0 18.4 47.4 43.0 33.0 42.8 0.05 0.33 0.02 0.05
Prime,	% 5.0 0.1 1.7 0.18 3.3 0.1 0.02 0.01 0.53 0.53
1	W	×	Z,	Interaction	between	withdrawal	and	Zilmax.
Table 6. Effects of Zilmax, withdrawal time, and postmortem aging on shear-force values of loin steaks
3-day	withdrawal 10-day	withdrawal 17-day	withdrawal P-values1
Item Control Zilmax Control Zilmax Control Zilmax SEM Z W A Z	×	A Z	×	W	×	A
Shear	force,	lb
7-day	aged 7.54 8.40 8.03 9.70 8.20 9.79 0.14 0.001 0.31 0.001 0.054 0.8
14-day	aged 6.62 7.30 7.01 8.04 7.01 8.53 0.14 0.001 0.31 0.001 0.054 0.8
21-day	aged 8.13 9.55 6.20 7.21 6.28 7.11 0.14 0.001 0.31 0.001 0.054 0.8
1	Z,	Zilmax;	W,	Withdrawal	time;	A,	Aging.
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Consuming Corn-Based Diets1
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Table 1. Effects of nitrogen supplementation and dietary zilpaterol-HCl (Zilmax) on intake, digestion, and nitrogen retention in steers consuming corn-based 
diets supplemented with no protein (Control), dried distillers grains with solubles (DDGS), or urea
Zilmax No	Zilmax P-value
Item Control DDGS Urea Control DDGS Urea SEM Zilmax Diet Interaction
Dry	matter	intake,	lb/day 18.8 18.8 18.6 14.2 14.3 15.2 1.1 <0.01 0.76 0.61
Dry	matter	digestion,	% 77.4 77.4 76.4 76.2 79.1 77.8 2.4 0.80 0.65 0.62
Nitrogen	intake,	g/day 138 198 177 102 155 145 11 <0.01 <0.01 0.79
Nitrogen	retained,	g/day 49 87 75 26 57 47 17 0.05 0.10 0.97
Urea	production,	g	nitrogen/day 156 169 134 126 217 142 52 0.80 0.36 060
Urea	recycling,	g	nitrogen/day 126 132 109 97 169 93 47 0.94 0.39 0.58
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Urea Recycling in Beef Cattle Fed Prairie Hay-
Based Diets1
E.A. Bailey, E.C. Titgemeyer, KC Olson, D.W. Brake,  
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Table 1. Effects of degradable intake protein (DIP) and energy [glucose (GLC) or volatile fatty acid (VFA)] supplementation on intake, digestion, urea kinet-
ics, and microbial flow in growing steers fed low-quality forage 
120	g/d	DIP 240	g/d	DIP P-value




Forage 8.2 8.2 6.6 9.3 8.1 6.4 0.9 0.42 0.01 0.27
Total 8.4 9.7 7.7 9.9 9.7 7.9 0.9 0.19 0.01 0.27
Total	tract	digestibility,	%
Organic	matter 56.0 55.1 62.6 55.7 60.2 59.4 2.1 0.75 0.04 0.09
Neutral	detergent	fiber 54.0 44.1 53.2 52.9 49.5 50.2 2.5 0.81 0.01 0.12
Urea	kinetics,	g/day	of	nitrogen
Production 39 68 61 55 45 63 12 0.89 0.39 0.15
Gut	entry	(Recycled) 32 65 54 43 37 48 12 0.38 0.32 0.16
%	of	total	production 83 93 86 77 82 76 4 0.01 0.05 0.65
Duodenal	flow,	g/day	of	nitrogen
Total	nitrogen 56 59 51 72 67 59 10 0.15 0.55 0.85
Microbial	nitrogen 37 38 33 54 45 41 7 0.04 0.39 0.68
Microbial	nitrogen	from	recycled	urea 7.7 15.4 7.7 8.7 8.2 6.6 1.9 0.08 0.02 0.03
%	of	total	microbial	nitrogen 20.7 40.5 24.1 16.2 18.1 16.1 3.8 0.01 0.01 0.01
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Table 1. Effect of nitrogen supplementation on urea recycling in steers consuming corn-based diets 
supplemented with no protein (Control), dried distillers grains with solubles (DDGS), or urea
Diets
Item Control DDGS Urea SEM P-value
Dry	matter	intake,	lb/day 13.6 13.6 12.7 1.3 0.18
Ruminal	dry	matter	digestion,	% 40.6 37.5 42.7 8.4 0.81
Total	tract	dry	matter	digestion,	% 78.8 79.1 80.5 1.6 0.11
Nitrogen	intake,	g/day 99a 151b 123c 12 <0.01
Nitrogen	retained,	g/day 41a 67b 47a 7 0.02
Undegraded	intake	protein,	g/day 51 97 67 18 0.12
Urea	production,	g/day	of	nitrogen 52a 118b 86ab 17 0.09
Urea	recycling,	g/day	of	nitrogen 39 83 57 17.1 0.25
Microbial	nitrogen,	g/day	of	nitrogen 95 84 83 16 0.81
Ruminal	microbial	capture	of	recycled	urea
grams	of	nitrogen/day 17 30 18 6.4 0.28
%	of	total	microbial	nitrogen 17a 35b 22a 5.3 0.10
Means	in	the	same	row	with	common	superscript	letters	are	not	different	(P>0.05).
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Digestion and Urea Kinetics in Beef Cattle1
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Table 1. Effects of degradable intake protein (DIP) and glucose supplementation (1.2 kg/day) on intake, digestion, 
urea kinetics, and microbial flow in mature steers fed low-quality forage 
240	g/day	DIP 480	g/day	DIP P-value




Forage 9.7 7.5 9.0 7.9 0.7 0.69 0.01 0.19
Total 10.1 10.6 10.1 11.2 0.7 0.39 0.08 0.19
Total	tract	digestibility,	%
Organic	matter 55.7 60.0 55.6 60.9 1.6 0.78 0.01 0.70
Neutral	detergent	fiber 53.9 43.4 48.8 43.1 2.1 0.09 0.01 0.12
Urea	kinetics,	g/day	of	nitrogen
Production 88 86 137 125 21 0.03 0.70 0.77
Gut	entry	(Recycled) 74 76 94 93 21 0.30 0.91 0.99
%	of	total	production 81 85 67 73 5 0.01 0.25 0.84
Duodenal	flow,	g/day	of	nitrogen
Total	nitrogen 73 56 70 79 6 0.06 0.43 0.02
Microbial	nitrogen 49 40 55 59 5 0.01 0.55 0.11
Microbial	nitrogen	from	recycled	urea 18.7 18.0 7.3 18.3 3.1 0.06 0.10 0.05
%	of	total	microbial	nitrogen 39.3 46.2 13.7 29.4 7.7 0.02 0.18 0.54
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Table 1. Diet composition of cannulated steers dosed with or without Rumensin or beta 


















Table 2. Digestion characteristics of ruminally cannulated steers dosed with or without Rumensin or beta 
acid extracts of hops
Treatments
    Beta	acid	level,	mg/day
Item Control Rumensin 10 80 160 240 300 SEM
Intake,	lb/day                
Dry	matter 19.03 18.11 18.38 18.53 19.93 20.44 18.20 0.56
Organic	matter 18.11 17.24 17.43 17.57 18.96 19.43 17.19 0.53
Starch 10.35 9.82 9.99 10.04 10.83 11.10 9.85 0.30
Neutral	detergent	fiber 2.98 2.83 2.87 2.89 3.14 3.20 2.85 0.09
Crude	protein 2.61 2.48 2.52 2.54 2.74 2.81 2.48 0.08
Crude	fat 0.79 0.75 0.75 0.77 0.83 0.83 0.75 0.02
Apparent	total	tract	digestibility,	%
Dry	matter 77.4 77.6 81.2 78.5 75.4 79.1 76.6 3.16
Organic	matter 79.4 80.2 84.0 80.7 78.5 82.2 79.6 2.93
Starch 99.8 99.7 99.8 99.7 99.6 99.8 99.7 0.06
Neutral	detergent	fiber1 39.8 49.5 48.2 43.6 37.0 44.5 40.0 6.37
Crude	protein 73.0 73.5 77.1 73.9 70.6 75.4 73.3 3.23
Crude	fat 88.7 88.9 92.1 88.9 89.0 90.9 90.8 1.38
1	Control	vs.	Rumensin,	P=0.06;	Control	vs.	beta	acid,	P>0.3;	Beta	acid	vs.	Rumensin,	P=0.07.
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Effects of Crude Glycerin on Ruminal 
Metabolism and Diet Digestibility  
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Table 1. Composition of experimental diets (dry matter basis)
Crude	glycerin,	%
Ingredient,	% 0 2 4
Steam-flaked	corn 82.6 80.2 77.8
Corn	steep	liquor 5.7 5.7 5.7
Alfalfa	hay 5.9 5.9 5.9
Soy-based	crude	glycerin1 0.0 2.0 4.0
Soybean	meal 0.37 0.80 1.20
Limestone 1.45 1.45 1.45
Urea 1.15 1.14 1.14
Salt 0.28 0.29 0.28
Mineral	premix2 0.35 0.34 0.34





Table 2. Apparent total tract digestibility of diets containing 0%, 2%, or 4% crude glycerin
Crude	glycerin,	% P-value
Item 0 2 4 SEM Linear Quadratic
Feed	intake,	lb/day 17.7 17.5 17.7 0.86 0.99 0.76
Fecal	output,	lb/day 2.7 2.8 2.8 0.37 0.51 0.76
Apparent	total	tract	digestion
Dry	matter,	% 84.9 84.1 84.2 1.3 0.57 0.69
Organic	matter,	% 87.6 87.0 86.7 1.0 0.51 0.96
Neutral	detergent	fiber,	% 60.4 51.8 48.1 3.6 <0.01 0.47
Starch,	% 99.6 99.7 99.6 0.11 0.93 0.44
Crude	protein,	% 78.8 80.3 79.0 1.5 0.90 0.34
Crude	fat,	% 90.	9 91.6 90.4 1.3 0.81 0.27
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Table 3. Ruminal concentrations of volatile fatty acids and ammonia in steers fed 0%, 
2%, or 4% of diet dry matter as crude glycerin
Crude	glycerin,	% P-value
Item 0 2 4 SEM Linear Quadratic
Volatile	fatty	acids,	mM
Total	volatile	fatty	acids 120 116 116 4.7 0.23 0.31
Acetate 52.8 50.7 50.1 1.60 0.06 0.56
Propionate 50.8 48.7 50.7 3.50 0.76 0.32
Acetate:Propionate	ratio 1.16 1.20 1.14 0.14 0.68 0.25
Butyrate 14.4 13.5 12.5 1.05 0.03 0.99
Isobutyrate 0.88 0.85 0.84 0.05 0.34 0.92
Valerate 5.45 4.85 3.74 0.73 	<0.01 0.52
Isovalerate 2.25 1.85 2.35 0.37 0.80 0.20












Glycerin, % of diet dry matter
0% 4%2%
Figure 1. Effects of glycerin level on ruminal pH.
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Dried Distillers Grains Supplemented at 
Different Frequencies to Stocker Heifers Grazing 
Late-Season Flint Hills Native Pastures
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Table 1. Performance of stocker heifers fed dried distillers grains (DDG) at a daily rate 
of 0.33% of body weight (dry basis) at different frequencies while grazing Flint Hills 







No.	of	pastures 3 3 3
No.	of	cattle 17 17 17
DDG1,	total	lb	fed 508 507 501
Initial	weight,	lb 620 622 614 8.7 >0.54
Final	weight,	lb 727 728 715 10.1 >0.38
Average	daily	gain,	lb 1.51 1.49 1.43 0.15 >0.71
1	DDG	nutrient	content:	90%	dry	matter,	30%	crude	protein.
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Table 2. Fall 2009 nutritional quality of native pastures at the Kansas State University Beef Stocker Unit
Pasture	3 Pasture	7 Pasture	13 Pasture	17
Sampling	date Sampling	date Sampling	date Sampling	date
Item 8/31 9/29 11/2 8/31 9/29 11/2 8/31 9/29 11/2 8/31 9/29 11/2
Nutrient	composition
Dry	matter,	% 38.3 36.3 73.4 44.3 40.4 72.9 43.0 44.2 80.27 41.2 43.9 77.3
Crude	protein,	% 6.8 4.9 3.1 5.3 4.7 3.1 5.3 4.7 3.04 6.3 4.2 2.5
Soluble	crude	protein,	%	of	crude	protein 28.8 25.0 25.0 40.6 25.0 25.0 25.0 25.0 25.0 38.3 25.0 25.0
Fat,	% 2.4 2.5 2.1 1.8 2.4 2.5 1.9 1.8 2.5 2.4 1.9 2.3
Acid	detergent	fiber,	% 36.0 36.4 40.4 34.3 36.4 41.1 33.8 37.5 37.7 36.0 40.3 42.0
Neutral	detergent	fiber,	% 64.6 62.2 68.2 62.4 62.1 69.3 61.4 63.9 64.1 62.3 68.3 70.7
Calculated	analysis
Net	energy	maintenance,	Mcal/cwt 58.0 52.3 49.6 50.8 51.9 46.5 52.7 47.3 49.2 56.9 50.0 49.6
Net	energy	gain,	Mcal/cwt 32.1 26.8 24.4 25.5 26.5 21.5 27.2 22.2 24.0 31.1 24.2 24.4
Total	digestible	nutrients,	% 59.0 55.3 53.6 54.4 55.1 51.6 55.6 52.1 53.3 58.3 53.9 53.6
Calcium	,	% 0.38 0.82 0.43 0.47 1.03 0.97 0.83 0.84 1.24 0.56 0.47 0.47
Phosphorus,	% 0.12 0.07 0.04 0.10 0.13 0.06 0.09 0.07 0.04 0.11 0.08 0.05
Magnesium,	% 0.20 0.23 0.14 0.24 0.24 0.17 0.10 0.09 0.11 0.23 0.19 0.14
Potassium,	% 1.16 0.69 0.11 1.12 0.65 0.25 0.83 0.67 0.12 1.09 0.66 0.19
Sulfur,	% 0.12 0.08 0.05 0.11 0.09 0.07 0.08 0.07 0.07 0.10 0.07 0.05
Iron,	ppm 178.57 209 153 234.29 291 263 238.37 216 175 --- 174 118
Manganese,	ppm 41.29 38 36 16.51 17 21 37.15 49 53 --- 32 40
Copper,	ppm 11.35 14 11 11.35 12 10 11.35 13 13 --- 13 10
Zinc,	ppm 29.93 38 34 32.00 35 43 28.89 33 39 --- 30 30
Molybdenum,	ppm --- 1 1 3.10 2 1 1.03 1 1 --- 1 1
Cobalt,	ppm --- 1 1 3.10 1 1 --- 1 1 --- 1 1
Selenium,	ppm --- 0.05 0.04 --- 0.03 0.03 --- 0.02 0.03 --- --- 0.03
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High Sulfur Content in Distillers Grains Alters 
Ruminal Fermentation and Diet Digestibility in 
Beef Steers
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Table 1. Composition of finishing diets based on steam-flaked corn or dry-rolled corn 












Steam-flaked	corn --- --- 51.1 50.6
Dry-rolled	corn 51.3 50.8 --- ---
Dried	distillers	grains	with	high	sulfur --- 30.4 --- 30.6
Dried	distillers	grains	with	low	sulfur 29.9 --- 30.1 ---
Alfalfa	hay 8.6 8.6 8.6 8.6
Cane	molasses 6.2 6.2 6.2 6.2
Supplement1 4.0 4.0 4.0 4.0
Analyzed	composition,	%
Dry	matter 87.2 86.6 84.1 83.4
Starch 38.3 38.4 38.8 38.9
Crude	protein 15.6 15.4 15.2 15.0
Crude	fat 5.8 5.8 5.8 5.8
Neutral	detergent	fiber 12.6 12.2 12.5 12.1
Calcium 0.7 0.7 0.7 0.7
Phosphorus 0.4 0.4 0.4 0.4
Potassium 0.7 0.7 0.7 0.7
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Table 2. Digestion characteristics in ruminally cannulated crossbred steers fed steam-flaked corn or dry-rolled corn 

















No.	of	steers 6 5 6 5
Feed	intake,	lb/day
Dry	matter 14.82 13.07 15.11 13.71 2.00 0.59 0.08 0.85
Organic	matter 13.97 12.32 14.30 12.96 1.89 0.55 0.08 0.85
Starch 5.68 5.02 5.87 5.34 0.77 0.46 0.08 0.85
Neutral	detergent	fiber 1.99 1.63 1.91 1.62 0.28 0.77 0.04 0.77
Crude	protein 2.31 2.01 2.30 2.06 0.31 0.95 0.06 0.85
Crude	fat 0.86 0.76 0.88 0.80 0.12 0.59 0.08 0.86
Apparent	total	tract	digestibility,	%
Dry	matter 70.1 76.1 76.6 79.9 2.1 0.03 0.04 0.59
Organic	matter 73.5 78.5 78.8 81.8 2.1 0.06 0.08 0.61
Starch 90.2 96.4 99.2 99.6 2.1 0.02 0.14 0.19
Neutral	detergent	fiber 15.3 21.3 18.4 27.3 6.1 0.37 0.16 0.75
Crude	protein 76.4 77.1 77.6 81.9 2.0 0.13 0.18 0.32
Crude	fat 91.6 92.4 90.6 94.3 0.8 0.08 0.03 0.14
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Time after feeding, hours
Dry-rolled corn plus moderate sulfur
Dry-rolled corn plus high sulfur
Steam-flaked corn plus moderate sulfur
Steam-flaked corn plus high sulfur
4
Grain × sulfur, P=0.69; effect of grain, P=0.44; 
effect of sulfur, P=0.001; effect of time after feeding, P<0.01
14121086 20
SEM=0.14
Figure 1. Ruminal pH in cannulated crossbred steers fed finishing diets based on steam-
flaked corn or dry-rolled corn containing dried distillers grains with moderate or high 
sulfur concentrations.
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Time after feeding, hours
Dry-rolled corn plus moderate sulfur
Dry-rolled corn plus high sulfur
Steam-flaked corn plus moderate sulfur
Steam-flaked corn plus high sulfur
4
Grain × sulfur, P=0.006; effect of grain, P=0.04; 
effect of sulfur, P=0.04; effect of time after feeding, P<0.01
14121086 20
SEM=9.8
Figure 2. Total volatile fatty acid concentrations in cannulated crossbred steers fed finish-
ing diets based on steam-flaked corn or dry-rolled corn containing dried distillers grains 
with moderate or high sulfur concentrations.
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Time after feeding, hours
Dry-rolled corn plus moderate sulfur
Dry-rolled corn plus high sulfur
Steam-flaked corn plus moderate sulfur
Steam-flaked corn plus high sulfur
4
Grain × sulfur, P=0.0002; effect of grain, P<0.0001; 
effect of sulfur, P<0.0001; effect of time after feeding, P<0.01
14121086 20
SEM=1.7
Figure 3. Ammonia concentrations in cannulated crossbred steers fed finishing diets based 
on steam-flaked corn or dry-rolled corn containing dried distillers grains with moderate 
or high sulfur concentrations.
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Nutrition
High Sulfur Content in Distillers Grains with 
Solubles May Be Deleterious to Beef Steer 
Performance and Carcass Quality
S. Uwituze, G.L. Parsons, C.J. Schneider, K.K. Karges1, 
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Nutrition
Table 1. Composition of finishing diets based on steam-flaked corn or dry-rolled corn 
containing dried distillers grains with moderate or high dietary sulfur (S) concentrations
Dry-rolled	corn Steam-flaked	corn
Item 0.42%	S 0.65%	S 0.42%	S 0.65%	S
Ingredients,	%	of	dry	matter
Steam-flaked	corn --- --- 51.1 50.6
Dry-rolled	corn 51.3 50.8 --- ---
Dried	distillers	grains	with	high	sulfur --- 30.4 --- 30.6
Dried	distillers	grains	with	moderate	sulfur 29.9 --- 30.1 ---
Alfalfa	hay 8.6 8.6 8.6 8.6
Cane	molasses 6.2 6.2 6.2 6.2
Supplement1,	2 4.0 4.0 4.0 4.0
Analyzed	composition,	%	of	dry	matter
Dry	matter 87.2 86.6 86.5 83.4
Starch 38.3 38.4 38.8 38.9
Crude	protein 15.6 15.4 15.2 15.0
Crude	fat 5.8 5.8 5.8 5.8
Neutral	detergent	fiber 12.6 12.2 12.5 12.1
Calcium 0.7 0.7 0.7 0.7
Phosphorus 0.4 0.4 0.4 0.4
Potassium 0.7 0.7 0.7 0.7
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Nutrition
Table 2. Growth performance and carcass characteristics of steers fed finishing diets based on steam-flaked corn or 
dry-rolled corn containing dried distillers grains with moderate or high dietary sulfur (S) concentrations
Dry-rolled	corn Steam-flaked	corn P-values1
0.42%	S 0.65%	S 0.42%	S 0.65%	S SEM G S G	×	S
Number	of	steers 18 19 20 19 --- --- --- ---
Growth	performance
Days	on	feed 140 140 140 140 --- --- --- ---
Initial	weight,	lb 903 902 905 904 6 0.15 0.43 0.59
Final	weight2,	lb 1409 1334 1374 1330 24 0.34 <0.01 0.46
Average	daily	gain,	lb/day 3.61 3.09 3.35 3.04 0.16 0.30 <0.01 0.48
Dry	matter	intake,	lb/day 23.5 21.6 21.3 19.2 0.59 <0.01 <0.01 0.97
Feed:Gain 6.41 6.94 6.33 6.29 0.28 0.07 0.25 0.27
Diet	NEm,	Mcal/100	lb 103.4 100.7 109.8 109.3 2.3 <0.01 0.50 0.63
Diet	NEg,	Mcal/100	lb 72.1 69.9 77.6 77.6 1.8 <0.01 0.50 0.61
Carcass	characteristics
Hot	carcass	weight,	lb 896 847 873 845 16 0.34 <0.01 0.45
Dressed	yield,	% 66.1 65.4 65.1 65.5 0.40 0.19 0.61 0.15
Ribeye	area,	sq.	in.	 14.4 14.3 14.8 14.6 0.32 0.19 0.51 0.91
12th	rib	fat,	in. 0.64 0.54 0.40 0.58 0.18 0.58 0.82 0.41
Kidney,	pelvic,	and	heart	fat,	% 1.88 1.45 1.76 1.60 0.12 0.82 <0.01 0.24
Liver	abscess3,	% 5.9 0 15.0 0 5.4 --- --- ---
Marbling	score4	 SL94 SL82 Sm3 SL69 16 0.91 0.13 0.48
Yield	grade	 2.34 2.00 2.15 1.79 0.19 0.23 0.04 0.95
Choice,	% 41.2 31.6 50.0 31.6 12.0 0.70 0.23 0.70
Select,	% 52.9 57.9 25 57.9 11.9 0.23 0.10 0.23
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Effect of dietary sulfur, P<0.001; effect of days on feed, P<0.001
Figure 1. Effect of days on feed on ruminal hydrogen sulfide concentration in steers fed 
finishing diets containing dried distillers grains with moderate or high dietary sulfur 
concentrations.
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Nutrition
FlaxLic Supplementation Improves Growth 
Performance of Angus Bulls
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Nutrition
Table 1. Serum and semen fatty acid concentrations in yearling Angus bulls fed a forage-





Linoleic	acid	(omega-6) 479.7 486.7 455.1 17.52
Alpha	linolenic	acid	(omega-3) 126.4a 146.8b 140.3ab 5.1
Arachidonic	acid	(omega-6)	 4.75 4.86 4.55 0.61
Eicosapentaenoic	acid	(omega-3) 5.69 6.39 7.14 0.66
Docosahexaenoic	acid	(omega-3)	 5.69 5.54 5.02 0.45
Total	fatty	acids 1237 1276 1212 37
Semen	fatty	acids
Linoleic	acid	(omega-6) 28.48 37.25 34.62 3.68
Linolenic	acid	(omega-3) 11.93a 7.28b 8.86ab 1.08
Arachidonic	acid	(omega-6)	 4.20a 2.36b 3.08ab 0.52
Eicosapentaenoic	acid	(omega-3) 1.94 2.08 2.13 0.52
Docosahexaenoic	acid	(omega-3) 213.4 163.1 181.2 22.9
Total	fatty	acids 489.6 419.9 437.8 39.6
Means	in	a	row	with	common	superscript	letters	are	not	different	(P>0.05).
Table 2. Breeding soundness and semen attributes of yearling Angus bulls fed a forage-




Sperm	motility,	% 51.3 51.9 50.5 2.16
Normal	sperm,	% 79.7 80.7 79.5 1.15
Table 3. Performance data of yearling Angus bulls fed a forage-based diet (Control) and 




Dry	matter	intake,	lb 26.8a 25.7b 25.52b 0.17
Daily	gain,	lb 2.93a 3.27b 2.73a 0.06
Feed:gain 9.16a 7.91b 9.14a 0.22
Means	in	a	row	with	common	superscript	letters	are	not	different	(P>0.05).
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Nutrition
Effects of Morinda citrifolia on Growth 
Performance and Health of High-Risk Calves
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Nutrition
Table 1. Effect of MorindaMax on growth performance and health of calves
Item Control1 Low High SEM2 P-value
Pens	 8 8 8 --- ---
Animals	on	trial	 92 94 94 --- ---
Days	on	feed	 42 42 42 --- ---
Initial	weight,	lb	 488 486 486 --- ---
Final	shrunk	weight,	lb	 617 610 614 --- ---
Day	1	to	13	
Dry	matter	intake,	lb/day	 10.3 10.2 10.5 0.29 0.56
Daily	gain,	lb/day	 3.11 3.12 3.23 0.14 0.81
Feed	efficiency	 3.21 3.22 3.12 0.13 0.86
Day	1	to	27	
Dry	matter	intake,	lb/day	 13.2 13.2 13.6 0.29 0.48
Daily	gain,	lb/day	 3.35 3.35 3.43 0.14 0.79
Feed	efficiency	 3.78 3.79 3.79 0.12 0.99
Day	1	to	42	
Dry	matter	intake,	lb/day	 15.2 15.0 15.7 0.32 0.34
Daily	gain,	lb/day 3.52 3.39 3.48 0.14 0.81
Feed	efficiency 4.18 4.26 4.25 0.10 0.80
Health	status	
Morbidity	by	treatment	group,	%	of	experimental	treatment3	
First	treatment,	%	 10.64 12.77 8.51 --- 0.68
Second	treatment,	%	 3.19 8.51 3.19 --- 0.19
Third	treatment,	%	 1.06 3.19 0 --- 0.33
Miscellaneous	morbidity,	%	of	experimental	treatment	 5.32 3.19 2.13 --- 0.62
Miscellaneous	morbidity,	retreatment,	%	 0 2.13 0 --- 0.33
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Nutrition
Effects of Feeding Low Levels of Crude Glycerin 
With or Without Other By-Products on 
Performance and Carcass Characteristics of 
Feedlot Heifers1
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Nutrition
Table 1. Composition of steam-flaked corn-based finishing diets containing low levels 














Steam-flaked	corn 80.7 80.1 78.3 45.6 44.2
Soybean	hulls --- --- 25.0 25.0
Wet	distillers	grains --- --- 15.0 15.0
Corn	silage 6.0 6.0 6.0 6.0 6.0
Soybean	meal 4.4 4.5 4.8 --- 0.4
Alfalfa	hay 3.0 3.0 3.0 3.0 3.0
Crude	glycerin --- 0.5 2.0 --- 2.0
Supplement1 5.9 5.9 5.9 4.4 4.4
Analyzed	composition,	%
Dry	matter 76.1 76.2 76.3 64.6 64.7
Neutral	detergent	fiber 13.5 13.4 13.3 29.8 29.6
Crude	protein 14.4 14.4 14.4 14.1 14.1
Calcium 0.7 0.7 0.7 0.9 0.9
Phosphorus 0.3 0.3 0.3 0.4 0.4
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Nutrition
Table 2. Performance and carcass characteristics of yearling heifers fed finishing diets based on steam-flaked corn contain-
ing 0%, 0.5%, or 2% glycerin or diets containing by-products with 0% or 2% glycerin
















Initial	weight,	lb 942 941 942 943 939 19.51
Final	weight2,	lb 1240 1222 1214 1215 1220 18.80
Dry	matter	intake,	lb/day 19.5a 18.7a 18.8a 20.5b 20.9b 0.40 <0.01
Average	daily	gain,	lb/day 2.95 2.7 2.56 2.56 2.87 0.15
Feed:Gain 6.58 6.92 7.30 7.16 7.89 0.38
Carcass-adjusted	feed:gain 5.81 5.92 6.73 6.73 6.56 0.01 <0.01
Hot	carcass	weight,	lb 787 776 771 772 775 11.94
Dressing	percentage 65.4 65.7 65.9 64.5 66.1 0.01
Ribeye	area,	sq	in. 14.3 14.2 13.9 13.8 14.1 0.21
12th	rib	fat	thickness,	in. 0.5 0.5 0.5 0.55 0.47 0.03
Kidney,	pelvic,	and	heart	fat 2.1 2.0 2.1 2.0 2.1 0.08
Liver	abscess	prevalence,	% 3.3 1.8 3.3 3.3 5.4 2.52
Marbling3 Sm	50 Sm	30 Sm	20 Sm	30 Sm	30 13.12
USDA	yield	grade 2.1 2.0 2.1 2.2 2.1 0.10
USDA	quality	grade,	%
Premium	Choice 26.1 16.4 15.2 18.8 20.3 0.74
Choice	or	greater 80 65 66 60 61 0.06 0.02
Select 12 26 27 34 32 0.04 0.01
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Meat and Food Safety
Supplementing Feedlot Steers and Heifers with 
Zilmax Increases Proportions of Strip Loin, 
Chuck Clod, and Top Sirloin Steaks Exceeding 
Warner-Bratzler Shear Force Thresholds, 
Whereas Aging Moderates This Effect
H.C. Claus, M.E. Dikeman, L. Murray, J.C. Brooks1, J. Shook2, 
G.G. Hilton2, T.E. Lawrence3, J.M. Mehaffey1, B.J. Johnson1, 
D.M. Allen4, M.N. Streeter5, W.T. Nichols5, J.P. Hutcheson5, 
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Meat and Food Safety
Table 1. Percentages of steer Longissimus and heifer Longissimus, Gluteus medius and 
Triceps brachii steaks aged for 7, 14, or 21 days that exceeded the 10.1-lb Warner-Brat-










Steer	Longissimus control 6.9 6.9 0.0
20-day 10.2 10.3 6.7
30-day 35.1 20.9 12.8
40-day 46.6 36.1 25.9
Heifer	Longissimus Control 40.4 22.8 15.2
20-day 66.5 20.9 17.4
30-day 77.9 54.3 33.1
40-day 79.1 56.4 28.3
Heifer	Triceps brachii Control 11.8 2.9 0.0
20-day 30.1 17.5 17.5
30-day 55.9 23.7 17.6
40-day 41.9 30.0 22.2
Heifer	Gluteus medius Control 43.4 23.4 20.0
20-day 41.1 44.5 44.5
30-day 63.0 26.4 38.5



































Figure 1. Effect of Zilmax treatment on Warner-Bratzler shear force of steer and heifer 
longissimus lumborum (LL) and heifer triceps brachii (TB) muscles.
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Figure 2. Interaction between aging and Zilmax treatment on Warner-Bratzler shear force 
of heifer Gluteus medius muscle.
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Meat and Food Safety
Needle-Free Injection Enhancement of Beef Strip 
Loins with Phosphate and Salt Has Potential to 
Improve Yield, Tenderness, and Juiciness but 
Harm Texture and Flavor1
B.A. Crow, M.E. Dikeman, L.C. Hollis, R.A. Phebus, A.N. Ray, 
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Figure 1. Trained sensory panel scores for Longissimus lumborum steaks injected with a 
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Figure 2. Cooking loss for Longissimus lumborum steaks injected with a calcium lactate or 


















































Figure 3. Trained sensory panel scores for Longissimus lumborum steaks injection 
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Meat and Food Safety
Packaging Systems and Storage Times Serve 
as Post-Lethality Treatments for Listeria 
monocytogenes on Whole Muscle Beef Jerky
A. Lobaton-Sulabo, T. Axman, K. Getty, E. Boyle, N. Harper, 
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Figure 1. Mean log reduction of Listeria monocytogenes on beef jerky packaged in different 
packaging systems and stored at room temperature.
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Meat and Food Safety
Packaging Systems and Storage Times Serve 
as Post-Lethality Treatments for Listeria 
monocytogenes on Kippered Beef Steaks
A. Lobaton-Sulabo, K. Uppal1, K. Getty, E. Boyle, N. Harper, 
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Figure 1. Mean log reductions of Listeria monocytogenes on kippered beef steaks packaged 
in different packaging systems and stored at room temperature.
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